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丝氨酸/苏氨酸，X 代表任意氨基酸，P 为脯氨酸。 
AKT 也同为丝/苏氨酸激酶，参与胰岛素信号通路的大部分代谢活动，并在
细胞的增殖、凋亡、分化、有丝分裂、细胞的迁移、细胞骨架重排等多种生理变
化过程中充当关键角色。在与 PI3K 组成的 PI3K/AKT 重要信号通路中，激活的
PI3K 可以募集更多的 PIP3，然后激活下游的 PDK1，进而使 AKT 的 Thr308、
Ser473 位点发生磷酸化从而影响其自身的活性。 
表皮生长因子受体（Epidermal growth factor receptor，EGFR）是一种受体酪
氨酸激酶，属于 HER/ErbB 家族中的四个成员之一。EGFR 位于 AKT 信号通路
的最上游，EGFR 由包括胞外区、跨膜区和胞内区三部分组成。其中胞外区为与
配体结合的区域，当与配体结合后，可以通过二聚化引发胞内域形成酪氨酸激酶
活性，并磷酸化下游的 Gab1，从而参与到 PI3K/AKT 的信号通路中。 
根据我们的研究发现，在大脑中 p25 可以通过提升 GSK3β 的激酶活性来引
起 Tau 的过度磷酸化，进而加剧 AD 的发病进程。过表达 CDK5/p25 后可以降低
GSK3β（S9）的磷酸化水平，但是具体的作用机制并不是很清楚。因此阐明
CDK5/p25 如何去调节 GSK3β 的活性，对于我们更好的理解 AD、中风、癌症等
疾病的发生与发展具有重要的意义。 
在本项研究中，我们发现过表达 CDK5/p25 后 GSK3β 信号通路上游的 AKT
的磷酸化水平、EGFR 及其磷酸化水平都显著降低了。而 CDK5、p25 与 AKT 没
有直接的相互作用，表明 AKT 的磷酸化水平的降低并不是由 CDK5、p25 直接
导致的结果。进一步研究发现 CDK5、p25 都可以与 EGFR 相互作用且可以使
EGFR 磷酸化。我们通过软件预测了 CDK5 磷酸化 EGFR 的位点为 T847 位点。
我们发现，该位点的磷酸化对 EGFR 自身的活性并没有影响。通过降解试验和泛
素化实验表明 EGFR 磷酸化后通过泛素化途径进行降解而变得更加不稳定。我们
















我们的结果发现了 CDK5 通过磷酸化 EGFR 从而使其通过泛素化途径进行
































Cyclin-dependent protein kinase-5 (CDK5) is an important member of serine / 
threonine protein kinase family.It is not involved in the cell cycle regulation, but plays 
an important role in the development of the nervous system and neurodegenerative 
diseases, cancer pathology process. CDK5 can specificially phosphorylate its 
substrates which contain (S/T) PX(H/K/R) sequences, wherein S/T represent Ser/Thr, 
X represents any amino acids, P stands for proline. 
AKT is also a protein of serine/threonine kinases family, which involved in the 
most metabolic activities of the insulin singaling pathway, and plays a key role in cell 
proliferation, apoptosis, differentiation, mitosis, cell migration, cytoskeletal 
rearrangement and other biological activities. In the PI3K/AKT signaling pathway, 
activation of PI3K can raise more PIP3, thereby activate PDK1, and thus make the 
Thr308, Ser473 sites of AKT phosphorylated and thus affect its activity. 
 Epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that 
belongs to one of the members of the HER / ErbB family. EGFR is located in the 
upstream of AKT signaling pathway. EGFR is composed of three parts, including 
extracellular, transmembrane and intracellular region. Wherein the extracellular 
domain is a ligand binding domain, after binding with ligand, the tyrosine kinase 
activity can be formed by dimerization initiated intracellular domain, and 
phosphorylate Gab1, then participate in the PI3K / AKT signaling pathway.  
According to our preliminary research results in nerve cells, enhancing 
GSK3β/p25 activity can increase the phosphorylation level of tau, and thus plays a 
role in AD. Overexpression of CDK5/p25 can reduce GSK3β(S9) phosphorylation 
level, but the specific mechanism is not very clear. Therefore, elucidation of 
CDK5/p25 how to regulate the activity of GSK3β can benefit us to better understand 
AD, stroke, cancer and other diseases. 
In this study, we found that AKT and GSK3β phosphorylation levels, EGFR and 
its phosphorylation levels were significantly reduced after over expression of 















results of reducing the level of phosphorylated AKT was not directly caused by the 
CDK5 and p25. We found that CDK5 and p25 can interact with the EGFR and lead to 
the phosphorylation of EGFR. Our software prediction showed that CDK5 
phosphorylated EGFR at the T847 site. We found that the phosphorylation of EGFR 
did not affect its activity. Degradation experiment showed that EGFR degradates via 
the ubiquitin pathway.We used H2O2, CDK5 inhibitor Roscovitine, Calpain inhibitor 
MDL28170 in neurons, which also confirmed our theory. 
We found that the phosphorylation of EGFR by CDK5 led its degradation via the 
ubiquitin pathway, and then the AKT, GSK3β activity were also affected. 
Our results broaden the scope for understanding how CDK5 activate AKT, GSK3β 
activity in neurodegenerative diseases, stroke, cancers, and other diseases, and help us 
find intervention tools for these diseases. 
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CDK5 也称为神经特异性 CDC2 激酶（NCLK），CDK5 是由脯氨酸介导的丝
氨酸/苏氨酸蛋白激酶，属于 CDK 家族中的特异成员之一。CDK5 目前已被发现












另外，CDK5 不与周期蛋白相互结合，CDK5 的激活需要与 p35[10]、p39 或
者 p35 的切割产物 p25 的结合[11]才能发挥功能。在大脑应激损伤情况下，p35 经


















图 1.1 在神经毒性的情况下，p25 与 CDK5 对神经退行性疾病的影响模型 
Figure 1.1 In the case of neurotoxicity, p25 and CDK5 impact on 
neurodegenerative diseases model 




的过度激活导致了 Tau 的过度磷酸化，从而引发该疾病的发病进程[15, 16]。在体外
试验中，Aβ 处理神经元能激发 Tau 的磷酸化，也能引起 CDK5 的异常激活[17]。



















图 1.2 CDK5 在神经细胞死亡与存活中的作用 
Figure 1.2 The roles of CDK5 in neuronal survival and neuronal death. 




相关蛋白相结合的转录因子 pRb 作用，从而导致 pRb 蛋白过度磷酸化，最终发
生细胞凋亡。当细胞处于分裂状态时，CDK5 会由细胞核进入细胞质内。在 cdk5-/-  
小鼠大脑中的神经元过表达 CDK5 的实验中发现 CDK5 可以在核内发挥抑制细
胞周期的作用[20]。这是因为，CDK5 在核内可以和 E2F1 形成复合物，从而使 E2F1
不能与 DNA 结合，进而抑制细胞周期[21]。另外，有研究发现 CDK5 mRNA 在成
年鼠脑中表达最高。因此，可以从 p25 的产生以及对 CDK5 的过度激活而开展药
物研究，来寻找治疗神经退行性疾病的有效途径。 
2. AKT蛋白及其功能 
AKT 又称 PKB，分别由 PKBα、PKBβ 和 PKBγ 编码有 Akt1、Akt2 和 Akt3
















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
